In this paper we demonstrate the existence, uniqueness and continuous dependence of a strong solution upon the data, for a mixed problem which combine classical boundary conditions and an integral condition, such as the total mass, flux or energy, for a third order parabolic equation. We present a functional analysis method based on an a priori estimate and on the density of the range of the operator generated by the studied problem.
Introduction
In the rectangle Q (0, l)x (0, T), with < oe and T < oe, we consider the one-dimensional third order parabolic equation Ot Ox 2 a(x, t) f(x,t). (1.1) Assumption A: We shall assume that Oa(x,t) c o < a(x, t) <_ Cl, Ot <--c2'
where c > O, (i O, 1, 2) . We pose the following problem for equation (1.1) " to determine its solution v in Q satisfying the initial condition , v(, o) (), e (o, ), (1.2) and the boundary conditions Ov(O,t) x(t), G (O,T), (1.3) O:v(O,t) o(), (o, ) , (1.4) v(x, t)dx 0 -.(t), t (0, T), (1.5) where O(x), x(t), O(t), re(t), a(x, t) and f(x, t)are known functions.
The data satisfies the following compatibility conditions:
d. n(O).
Ox Ox 2 0
The first investigation of problems of this type goes back to Cannon [12] and Batten [2] independently in 1963. The author of [12] proved, with the aid of an integral equation, the existence and uniqueness of the solution for a mixed problem which combine Dirichlet and integral conditions for the homogeneous heat equation.
Kamynin [21] extended the result of [12] [7] .
Mixed problems with only integral conditions for a 2m-parabolic equation was studied in Bouziani [6] , and for second order parabolic and hyperbolic equations in Bouziani-Benouar [8, 9] . In this paper, we demonstrate that problem (1.1)-(1.5) possesses a unique strong solution that depends continuously upon the data. We present a functional analysis method which is an elaboration of that in Bouziani [4, 5] and nouziani-nenouar [10] . To achieve the purpose, we reduce the nonhomogeneous boundary conditions (1.3)- (1.5) Proof of Lemma 4 is similar to the proof of the lemma of Section 2.18 in [1] .
We easily get the following lemma. Lemma 6: If fi(7") (i: 1,2,3) are nonnegalive functions on (0, T), fl(7-) and f2(7") are integrable on (0, T), and f3 (7" Returning to the proof of Theorem 1, we denote the first term on the left-hand side of (3.9) by fl(r), the remaining term on the same side on (3.9) by f2(v), and the sum of two first terms on the right-hand side of (3.9) by f3(r). Consequently, Lemma 6 implies the inequality -0-{ L2(O,7";BI(o,t)) + Oz L2(o,t) Since the right-hand side of the above inequality does not depend on r, in the lefthand side we take the upper bound with respect to -from 0 to T. Therefore, we obtain inequality (3 1) where c-c 1/2 Proposition 1" The operalor L from B into F is closable. The proof of this proposition is analogous to the proof of the proposition in [7] . (1 6)- (1 10) (4.5)
The operator A(t) with boundary conditions (1.8)-(1.10) has, on L2(0,/), the continuous inverse. Hence,
Thus, from (4.5) and (4.6), we obtain Defining A-l(t), we apply operator 2 to both sides of A(t)u-g.
operation, we get
We now integrate each term of (4.8) over [0, x] with respect to . Consequently, A l(t)g a( c, t) ( r)g(, t)d0 + c 6. (4.9) 0 0
To compute the constant c 6 in (4.9), we multiply (4.8) by (1-x) and integrate the obtained equation over [0,/] . Therefore,
Integration by parts of the left-hand side of (4.10), gives (4.14)
From (4.12), we deduce that the operator A is bounded on L2(Q). Hence, the norm of cA on L2(Q) is smaller than 1 for sufficiently small c. So, the operator K has the continuous inverse operator in L2(Q).
From (4.12)and (4.14), we deduce that I+a(x,t) (9" 
